Introduction
Phenylacetylene (PA) is an aromatic molecule with an unsaturated side group and is commonly used as a precursor for the synthesis of the polymer polyphenylacetylene.
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Like other cyclic aromatic hydrocarbons, P A is believed to be an important contributor to the formation of polycyclic aromatic hydrocarbons (PAH) in combustion and in interstellar space. 7 -13 In the initial pyrolytic studies of PA, acetylene and benzene were identified as end products and it was postulated that further reactions involving them led to cyclization reactions and PAH formation. 7 -9 Subsequently, Hofmann, et al. carried out a detailed analysis of the reaction products from the pyrolysis of P A. 10 PAHs with up to four rings were observed and their results confirmed that pyrolysis of PA could indeed lead to P AH formation. In a collaborative study with Hofmann, et al., Zimmermann and co-workers identified several transient products for the unimolecular dissociation of PA, among these were the free radicals phenyl, phenylvinyl, and ortho-, meta-, and paraethynylphenyl.
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Assuming that these transient species are primary products, these observations indicate the presence of several atomic hydrogen elimination channels.
Pyrolytic studies, however, provide limited and at times ambiguous results for the primary processes due to the presence of multiple collisions and subsequent competition with secondary and tertiary chemical reactions.
It is therefore desirable to unambiguously determine the i~entity of the primary products from the ground state unimolecular dissociation of P A.
We have carried out an ultraviolet (UV) photochemical investigation of PAusing photofragment translational spectroscopy (PTS) on the Chemical Dynamics Beamline at the Advanced Light Source in Berkeley. This investigation is part of an ongoing effort to 2 systems, dissociation occurs mostly via the ground state potential energy surface (PES) following internal conversion from the initially prepared excited electronic state.
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This allows for the study of the unimolecular dissociation on the ground state PES under collision free conditions. Therefore, the photochemistry of large polyatomic molecules using PTS is a powerful technique for the determination of the primary processes in the unimolecular dissociation of these molecules in an unambiguous manner.
Several vibronic bands of P A have been observed in the UV and are attributed to excitation of the ring electrons with vibrational coupling to the C-C stretch of the acetylenic moiety.
•
18 These features were also revealed in the theoretical investigation of Narayanan, et al. 19 The UV spectroscopy and vibrational structure of the ground and· excited states of P A have been well established yet little is known about its photochemistry. 19 -23 We have carried out an investigation of the photodissociation of PA at 193 nm to gain more insight into the primary processes involved and to extend our study of polyatomic aromatic molecules to P A. (1).
The UV photochemistry of PAis surprisingly simple. Reaction (1) produces two closed shell molecules -acetylene (HCCH) and (E)-3-hexene-1 ,5-diyne or (Z)-3-hexene-1 ,5-diyne (C 6~) . The amount of energy available in this process is sufficient to induce a secondary reaction:
(2), 3 Where C 6~* is internally excited C6~ and C6H 2 has been characterized as 1,3,5-hexatriyne which is also referred to as triacetylene in the literature. From the energetic threshold for reaction (2) , an upper limit of 154 ± 4 kcal mor 1 for the enthalpy of formation of 1 ,3,5-hexatriyne was estimated. Quantum ab initio calculations at the G2 level of theory agree well with this value. Figure 1 shows the energy diagram for the 193 nm photodissociation of P A. In recent years, much effort has gone into the determination of the thermochemistry and heats of formations of diacetylene, triacetylene, and other unsaturated hydrocarbons. 24 -28 Our result for the heat of formation of triacetylene is the first experimentally determined value for this quantity.
Experimental Section
All experiments were conducted at beamline 9.0.2.1 of the Advanced Light Source using a rotatable source molecular beam machine which was described in detail in an earlier publication. 29 This machine can be used to study reactive scattering 30 • 31 and photodissociation dynamics. 14 ' 32 In the present photodissociation experiment, helium was bubbled through a P A sample at room temperature. At this temperature and a total pressure of 800 Torr, a 1% molecular beam of PA/He was generated. This mixture was fed through a pulsed valve (General Valve) and expanded from a nozzle heated to -l00°C in a differentially pumped source region and into the main chamber. The pressure in the source chamber was maintained at 2x Torr with the beam on. The molecular beam was collimated with two skimmers (0.03" and 0.02") and its velocity and speed ratio were either measured by using a chopper wheel or a laser hole-burning 
Results and Discussion
Signal was observed for m/e 26, 74, and 76 corresponding to HCCH, C 6 H 2 , and C 6~, respectively. The signal for each of these fragments was measured as a function of laser pulse energy and data was recorded in the single photon regime. Photochemistry. The measured TOF spectra for m/e 26 (HCCH) at laboratory angles of 15° and 30° are shown in Fig. 2 . To convert from the laboratory-frame velocity distribution (such as those in Fig. 2 ) to the center-of-mass velocity distributions, P(E), the forward convolution method was applied to the data. energy to induce this process [see reaction (2) ]. In fact, the difference of 4a and 4b results in a distribution which fits the C 6 H 2 + H 2 experimental data reasonably well.
However, a better fit was obtained when the fast edge of the distribution was adjusted (see Fig. 5 ). The modified center-of-mass distribution is shown in Fig. 4c . These results indicate that the primary C 6 H 4 fragments formed with sufficient internal energy decompose to C6H2 and H 2 . The energetics of this process will be discussed in more detail in the next section.
The probable isomers for C 6 H 4 are (E)-3-hexene-1 ,5-yne, (Z)-3-hexene-1 ,5-yne, and benzyne. Therefore, reaction ( 1) may be rewritten as:
Typically, the center-of-mass translational energy distribution of photofragments extends out to the maximum available energy. 16 · 32 The distribution which best fits the C 6~ data extends out to about 40 kcal mor 1 and matches well with the available energy for reactions (1a) and (lb). Given this fact alone, one can likely assign the identity of C 6~
to (E)-3-hexene-1,5-yne and (Z)-3-hexene-1,5-yne. For certain molecules, measurement of their photoionization efficiency (PIE) spectra can further help in assigning the identity of a given molecule. 14 ' 32 PIE spectra may be conveniently measured by tuning the VUV undulator radiation while monitoring the integrated ion signal. The PIE spectrum of 7 C 6~ was measured and the ionization threshold was found to occur at about 9 e V.
Ionization potentials (IP) for (E)-3-hexene-1,5-yne, (Z)-3-hexene-1,5-yne, and benzyne are 9.07 ± 0.02 eV, 39 9.10 ± 0.02 eV, 39 and 9.03 ± 0.05, 40 respectively. Since the IPs of these isomers are so close in value, however, we are unable to verify our assignment of the identity of the C 6~ fragment solely based from the PIE data. Figure 6 shows the PIE spectrum for the C6H 2 fragment. The most likely structure for C6H 2 is 1,3,5-hexatriyne since the threshold of ionization from its PIE curve matches well with the reported IP of 9.50 ± 0.02 eV for 1,3,5-hexatriyne. The UV excitation of PA involves a 1r -7 1r* transition and the delocalized electronic system extends to the acetylenic moiety.
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Since this transition involves the excitation of an electron from a bonding to an anti-bonding orbital, a decrease in the C-C bond order of the conjugated system will lead to a geometry change in the excited state. This geometry change could enhance the probability of internal conversion to high lying Some of the C 6 R. products have sufficient internal energy to undergo secondary dissociation [see reaction (2) ] to produce 1,3,5-Hexatriyne and molecular hydrogen.
Ground state unimolecular dissociation of P A has been studied recently by pyrolysis and the results may be compared with the results obtained here.
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11 Frank and co-workers and Hopf, et al. identified acetylene and benzene as the end products in their pyrolytic studies. 7 -9 More recently, PARs were also identified as end products. 10 In a subsequent study, Guthier, et al. reported the observation of several free radicals including phenyl, phenylvinyl, and ortho-, meta-, and para-ethynylphenyl with phenyl being the major radical product. 11 The observation of phenyl indicates the presence of the phenyl + ethynyl channel as well as several H atom elimination channels if these radicals are generated from primary processes. As mentioned above, photodissociation of PA most likely occurs on the ground state surface. If so, then phenyl as well as phenylvinyl, and ortho-, meta-, and para-ethynylphenyl should also be observed in our PTS measurements. However, an exhaustive search yielded no evidence for the phenyl.+ 9 ethynyl or the atomic hydrogen elimination channels. Guthier, et al. used a radical scavenger method to characterize the radicals generated in their pyrol ytic studies of P A.
Although this is a powerful method for the characterization of the free radicals produced, it does not distinguish whether or not these free radicals are primary products. Given that these results do not concur with our PTS results indicates that these free radicals may not be primary products.
Thermochemistry. It was mentioned above that the secondary dissociation of This cutoff indicates that the C6H 2 + H 2 products have negligible internal energies and provides an opportunity for the determination of the enthalpy of formation for the C 6 H 2 fragment. Table 1 lists the relevant reactions along with their energetics. The enthalpy of reaction for step A in Table 1 However, the data suggests that 141 kcal mor 1 may be near the energy minimum of the products since little energy is released into product translational energy (see Fig 4c) .
This presents an apparent dilemma in which the threshold energy of 141 kcal mor 1 may be near the energy minimum of the products yet an energy barrier is expected .for the reverse reaction (please refer to Fig. 1 ). Conversely, a three-center dissociation involving a 3,4-hydride shift in either (E) or (Z)-3-hexene-l ,5-yne will have a significantly lower barrier. The barrier for the reverse reaction will be much lower than 2 e V if such a hydride shift is involved. Hydride shifts in ethylene and polyenes are greatly facilitated by the torsional motion about the C=C bond.
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